techNical Note J Neurosurg Spine 24:275-280, 2016 P ercutaneous discectomy for herniated nucleus pulposus (HNP) was developed by Hijikata. 6 The technique is minimally invasive; however, under image intensifier guidance alone, percutaneous discectomy is not reliable for removal of the extruded fragment. To overcome such shortcomings in the percutaneous discectomy procedure, percutaneous endoscopic discectomy (PED) was developed. After several trials, 9,19 the current system of single-portal endoscopic discectomy was developed in the late 1990s. [20] [21] [22] After 1990, the technique was further developed by utilizing a spinal endoscope and a tubular retractor. This endoscope-assisted transtubular surgery was eventually established by Foley and Smith 5 and Destandeau 2 in what is now known as microendoscopic discectomy (MED). Surgeons can access the HNP through the interlaminar space. This surgical approach to HNP is removal, which includes laminotomy, partial removal of the ligamentum flavum, and HNP fragment removal, in a procedure known as Love's technique. An extended musclesplitting dissection causes postoperative low-back pain. The benefit of transforaminal approach is that it is conducted under local anesthesia with minimal invasiveness. The use of a spinal endoscope improves reliability when removing extruded disc fragments. Recently, Dezawa and colleagues 3, 4, 10, 16 established an advanced technique using a high-speed drill that enables most HNPs to be removed using a minimally invasive PED system.
such as protrusion or subligamentous extrusion, is easy to remove. On the other hand, in some cases of noncontained HNP, such as transligamentous extrusion into the epidural space or sequestration, it is difficult to remove the HNP in the epidural space. For such HNPs, other techniques have been reported previously. 3, 4, 11 Among them, the epiduroscopic technique 11 can be done after administration of local anesthesia, as this technique is a modification of the transforaminal technique. During the epiduroscopic technique, the 8-mm cannula must be placed in the intervertebral foramen. Exiting nerve root injury is likely to occur in cases with foraminal stenosis. 17 Therefore, to safely insert the cannula with the endoscope into the epidural space through the intervertebral foramen in patients with a foraminal stenosis, a foraminoplasty technique can be used. 12 Here, we report a case of HNP with foraminal stenosis in which the HNP was successfully removed with a combination of foraminoplasty 12 and the epiduroscopic technique.
case report
A 29-year-old man, a medical doctor and general surgeon, had been experiencing low-back pain and right leg pain for 4 months. He was diagnosed as having an HNP of the lumbar spine at a nearby hospital. He was prescribed analgesics, but his symptoms did not improve. He consulted our institution, seeking minimally invasive surgery for symptomatic relief because, as a physician, he could not take a long sick leave. At the first visit, his visual analog scale scores for low-back pain and leg pain were 8/10 and 6/10, respectively. Neurological examination revealed muscle weakness; the strength of the right tibialis anterior was 4/5, and that of the right extensor hallucis longus was 2/5. Sensory disturbance was noted along the right lower leg and right big toe. The straight leg raise test of the right leg was positive at 60°. Laboratory data showed no inflammatory signs. Selective nerve root block at the right L-5 nerve root achieved temporary pain relief. Our clinical diagnosis was L-5 nerve root radiculopathy. Figure 1 shows the MR images at presentation. HNP at L4-5 is evident on the sagittal scan (Fig. 1 left) . The size of the mass on the axial image through L4-5 was about 50% of the canal (Fig. 1 right) . CT with discography revealed that the nucleus pulposus extruded through an annular tear in the midline of the disc (Fig. 2 left) . PED via a transforaminal approach was planned to remove the herniated mass. As shown in Fig. 2 left, the facet joint was too large to access the migrated HNP with the transforaminal technique, so we also planned foraminoplasty (Fig. 2  right) .
Minimally invasive removal of the HNP was planned using a transforaminal technique with a percutaneous endoscope. Under local anesthesia, an 8-mm skin incision was made 10 cm lateral to the midline. After the dilating maneuver, a beveled cannula was inserted into the posterior disc space through the intervertebral foramen. Using the inside-out technique, the base of the herniated mass was first removed. Then the cannula was moved to the subligamentous space, and the fragments were removed. Next, foraminoplasty was performed, widening the intervertebral foramen, prior to epiduroscopic removal of the migrated HNP. The hypertrophied inferior facet joint in Fig. 3 left was noted, and it was removed using a highspeed drill. Figure 3 right shows the enlarged foramen. The cannula was then inserted into the epidural space. Figure  4 shows how the cannula was moved from the intradiscal space to the ventral epidural space. Figure 5 left indicates the location of the cannula on the C-arm image intensifier. We use freehand, biplane, and C-arm-guided access and an optimal trajectory, oriented by endoscopic landmarks. The radiation exposure time has not yet been estimated. However, the radiation time would be decreased with the clinical experience. The longer side of the beveled cannula was placed into the dorsal aspect to protect the nerve root and dura from injury. Figure 5 right shows a schema of the cannula in the epidural space. The endoscope is in the ventral epidural space; this is the epiduroscopic observation technique (Video 1). video 1. Foraminoplasty was performed. The hypertrophied inferior facet joint was removed using a high-speed drill. The cannula was then inserted into the epidural space. The longer side of the beveled cannula was placed to the dorsal aspect to protect the nerve root and dura. The HNP fragments were removed. Copyright Koichi Sairyo. Published with permission. Click here to view.
As shown in Fig. 6 , the surface of the disc and herniated mass can be observed from the epiduroscope. The mass was completely removed en bloc (Fig. 7 left) . Throughout the epiduroscopic procedure, the nerve root and dura mater were protected by the longer wall of the beveled cannula. Figure 7 right shows the HNP removed in the procedure. The operative time was 75 minutes, and the estimated blood loss was negligible. Immediately after the operation, the patient's leg pain resolved and the straight leg raise test was negative at 70°. As in a previous report, 17 we encountered no surgery-related complication, such as nerve root injury, dural tear, hematoma, headache, or neck pain.
After surgery, the patient's symptoms dramatically improved. Visual analog scale scores for low-back and leg pain improved to 0/10. On postoperative Day 5, he returned to work as a general surgeon without any symptoms. Three months after surgery, the patient's visual analog scale scores for low-back pain and leg pain were 0/10 and 0/10, respectively. His Japanese Orthopaedic Association score improved to 29/29 points from 11/29.
On postoperative Day 2 and at 3 months, sagittal and axial MR images showed that the HNPs were successfully removed (Fig. 8) . Figure 9 shows pre-and postoperative CT scans. Note the enlargement of the intervertebral foramen after foraminoplasty. Figure 10 indicates the location of the skin incision.
discussion
The great efforts by Yeung and colleagues [20] [21] [22] established the current system of transforaminal PED. In Japan, Dezawa and colleagues 3, 4, 6, 10, [15] [16] [17] 21, 22 developed new devices for PED, such as an ultrathin high-speed drill and contributed to further development of the PED procedure. In the present case, by using a simple transforaminal approach, it was not difficult to remove the transligamentous extruded HNP in the epidural space. We used 2 additional techniques to remove the migrated fragment in the epidural space: epiduroscopic observation 11 and foraminoplasty. 12 Endoscopic discectomy via a percutaneous transforaminal posterolateral approach is an alternative technique used to treat lumbar disc herniations. The advantages of this technique include less paraspinal musculature trauma and smaller wounds. Bone removal is not required to decompress the exiting nerve root, and this avoids the risk of inducing spinal instability. [7] [8] [9] 18 Birkenmaier et al. 1 reviewed 5 comparative studies of the present technique and conventional open surgery and concluded that PED had similar clinical outcomes. Moreover, they emphasized the following benefits of PED: shorter operating time, lower estimated blood loss during surgery, fewer surgery-related complications, less surgical site pain immediately after surgery, less need for postoperative pain medication, shorter hospital stay, and a faster return to work. The greatest benefit of this PED procedure is that it can be done under local anesthesia.
Epiduroscopic Observation
As shown in Fig. 4A , a contained HNP is a good indication for removal by a simple transforaminal approach with the inside-out technique. However, in some cases of noncontained HNP, such as transligamentous, extruded, or sequestration types, complete removal is difficult. In such situations, we need additional techniques. The interlaminar approach 4 and translaminar technique 3 are good options for this purpose but cannot be performed with local anesthesia. The transforaminal epiduroscopic observation technique is the other option. It can be conducted under local anesthesia and performed via a transforaminal approach. Figure 5 right shows a schema of the epiduroscopic observation technique used in this case. Using this technique, one can observe the herniated fragments from the ventral epidural space. Indeed, as shown in Fig. 6 , in our case an uncontained HNP that had migrated into the epidural space could be clearly seen by seeking the fragments stained blue with indigo carmine. A beveled cannula is commonly used for the transforaminal PED procedure. During the inside-out technique, the bevel aspect faces upward (Fig. 4A) , whereas during the epiduroscopic observation it faces downward (Fig. 4C) . The longer wall of the cannula is placed against the neural tissue, including the traversing nerve root and dura mater. This technique enables observation of the central portion of the spinal canal (Fig. 5) . Too much retraction of neural tissue may cause palsy. In the literature, many PED-related complications have been reported. Among them, exiting nerve root injury is a particular complication in the transforaminal approach. When nerve damage by the cannula occurs when the patient is under general anesthesia, the patient does not feel any pain. The advantage of local anesthesia is that this kind of complication can be avoided. The most beneficial aspect of the transforaminal epiduroscopic observation procedure is that it can be conducted under local anesthesia. During the operation, the patient may feel pain and numbness and can complain if any develops. Thus, this technique is safe and reliable for removal of migrated fragments in the epidural space in noncontained herniations with local anesthesia. However, there is one limitation in the narrow foramen case. If the 8-mm cannula is inserted through the narrow foramen, the cannula may compress the exiting nerve root, leading to palsy. For such cases, foraminoplasty is necessary to safely insert the cannula into the epidural space.
Foraminoplasty
As shown in Fig. 2 , we planned foraminoplasty to safely insert the cannula into the epidural space. Figure 3 right shows the enlarged foramen following the foraminoplasty. Following enlargement of the foramen, the cannula could be inserted without compressing the exiting nerve root (Fig. 5 left) . Lee et al. 12 showed that foraminoplasty is essential to avoid injuring the exiting nerve root by insertion of the cannula through the narrow foramen. As in the present case, partial removal of the inferior facet is often useful; however, in severely narrow cases, pediculotomy is also necessary.
The literature on the epiduroscopic technique with transforaminal approach is sparse. 11, 13, 14 These articles only mention that the cannula was placed at the ventral epidural space to remove the migrated fragment, and the technical details are unclear. Ruetten et al.
14 mentioned the importance of the additional foraminoplasty for the safety of ventral epiduroscopic observation, which would be very similar procedurally to our case. However, the exact technique is not well described. Here, we have clearly demonstrated the technical procedure for epiduroscopic transforaminal removal of HNP following foraminoplasty using the endoscope.
In conclusion, the combination of foraminoplasty and epiduroscopic observation during the transforaminal approach for PED is a useful and reliable technique to remove transligamentous extruded disc fragments.
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